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OF UNDERGROUND INSTALLATIONS _‘/ / o 0 >N 1&@2@“ | il / i 3 | Rock description: Thick beds of poorly compacted and consolidated silty sand and thick mantling layers of sand,
Lo | O g Lo r»"”ff" !/ \ ! sandy clay, and gravel. (Eng. units 7 and 4).1/
\ Y ’Q\J y/g@gh K [ ‘ | Drainage: Generally well drained, except that sandy clay is poorly drained in places; deep excavations may
% % \ j'x}f' SR ‘\ 8 JE g S encounter water table. —{ 28
#g |—— EXPLANATION el N6 s ) } Accessibility: All areas in southern half of island easily accessible by existing roads. Areas in northern
\ V) Y°"°"f‘”."" wl‘ N 7&“’ / | ~ | Okinawa accessible by only a few narrow roads.
ol i 1 K vt / CONSTRUCTION OF TUNNEL INSTALLATIONS
[ Zi Re "};’/ MT / * ‘ B Tunneling problems: Tunnels driven easily with hand or power tools. Walls generally stand well without support.
Gaed Tor wanetitype aad cut” ol Sever typs. \\ \ &, %‘v\;/s e 1T | 5 Large chambers may be located in a few places, but all chambers require support.
™ %:/ ¥ $ ’ ' g Protective cover: 2/ Maximum thickness of 300 feet obtainable.
i " ‘ ~— / Entries: Numerous tunnel entries can be developed in steep slopes in highly dissected terrain.
: : '\ - S i / ?., 1 CONSTRUCTION OF CUT- AND BACK-FILL INSTALLATIONS
Good for tunnel type; poor for cut and’ cover fype. \ ot DS : Ease of excavation: Easily excavated with hand tools; rapidly with power equipment; blasting not required. | 7
297 . -— .,,Li,_ e ”@*** Sy e o =1 g, : we / | Vertical cuts stand well.
3 P B ‘ L} Depth of material easily excavated: Easily excavated by power or hand equipment; maximum thickness 200 feet.
Sair for Dusmibl sl d § o _ o ‘\\ REMARKS: Has no natural caves, but may overlie cavernous limestone. Many Japanese-dug caves.
ype; good for cut and cover type. % : ) Y N
SRR PP shantts \ Rock description: Porous, permeable, poorly cemented, detrital limestone; a few irregularly distributed hard
i ' ; , il \ \layers and zones. (Eng. units 5 and 6).

Good for tunnel type; not suited for cut and cover type.

\Drainage: Well drained near surface; in places, deep excavations may encounter water table.
Accessibility: Mainland areas easily accessible by existing roads. Outcrops on offshore islands reached with

W \
N\ difficulty. .
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45—  Fair for tunnel type; not sbi_féd for _cut \&n \éjb\er ty \¥ | Tunneling problems: Tunnels can be driven with hand tools with little difficulty; some blasting required in hard .=
\J NG B *55) i zones. Support commonly not required, but large chambers should have pillars or other support.
o / — » | Protective cover: Maximum thickness of 100 feet obtainable. This rock commonly serves as roof for

A e installations excavated in underlying clay.
) N § o NJ g _ o : o % Entries: Numerous tunnel entries can be developed along ridges, escarpments, and cliffs.
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P c:’sfk AN VPR N e (i NS L ; Base of excavation: Easily excavated with power equipment; hard zones and surface exposures of limestone require
a5 N § /| blasting. Excavations in clay overburden easy with hand tools. Vertical cuts stand well.

/| Depth of material easily excavated: Overburden and limestone easily excavated by power equipment; maximum thick- | 5
ness of unit 100 feet. Easy excavations by hand tools limited to clay overburden, maximum depth of 20 feet.
REMARKS: Has all known natural caves. Poor for petroleum storage as leakage may contaminate ground water.

Rock description: Nearly impermeable, compact, bedded clay with many silty and sandy layers. (Eng. unit 8).
Drainage: Poorly drained; nearly impermeable. Excavations will hold water. '

Accessibility: - Most areas are easily accessible by existing roads.

CONSTRUCTION OF TUNNEL INSTALLATIONS

Tunneling problems: Tunnels and large chambers driven easily with hand tools; require support. Clay sloughs
from walls and ceiling; tunnels require linings. Where limestone forms roof, little or no support is required.
Protective cover: Thickness of 50 or more feet obtainable within most of unit.

W Entries: Steep slopes in highly dissected terrain provide many possible tunnel entries.

CONSTRUCTION OF CUT- AND BACK-FILL INSTALLATIONS
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MAP UNIT 3
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‘&"‘(’Q'LW‘“’ L NG R : &5 "_(.;qnno_mki) Ease of excavations: When dry, easily excavated with hand tools; rapidly with power equipment; when wet,
3 ; N % il / moderately difficult because it is slippery and will not drain. Excavations more than 10 feet deep may require
B i) 3 & / r shoring to prevent walls from slumping.
Depth of material easily excavated: Limited by the problem of slumping which increases with depth.
REMARKS: Good for petroleum storage, no danger of ground-water contamination from leakage. Disturbed and
repacked clay does not regain original compactness and impermeability. Many Japanese-dug caves. - 300
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3 = ‘ A Rock description: Dense, white to gray, crystalline limestone and well-cemented sandstone interbedded with
1 Y’ schist. Some porphyry dikes. (Eng. units 9 and 12).
Drainage: Well drained, through joints and fracture zones; deep excavations may encounter water table.
Accessibility: Poorly accessible in central third of island; with difficulty in northern third of island.
CONSTRUCTION OF TUNNEL INSTALLATIONS

5 s SR agnionef a9 N Kok ' : 5 Tunneling problems: Tunneling requires drilling and blasting. Walls stand well without support; support
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D o, ¥ 2 / : required in fracture zones and for large chambers. 2
soid Aokl D Aiva d) AR {'H s ' : Protective c¢over: Thickness of 50 or more feet obtainable within most of unit.
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JEntries: Numerous tunnel entries can be developed in steep slopes in highly dissected mountainous terrain.
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CONSTRUCTION OF CUT- AND BACK-FILL INSTALLATIONS

MAP UNIT 4
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W€ 2\ T - - ‘ ‘ Ease of excavations: Difficult in crystalline limestone and fresh sandstone; drilling and blasting required.
?’@p L) il y < ) Easy with power equipment in weathered sandstone and porphyry. Difficult with hand tools in all except very
/ 7 A Q e ‘ highly weathered sandstone and porphyry. Vertical cuts stand well.
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C N TR 75 ‘ Depth of material easily excavated: Mostly limited to thin surficial soils, but some areas of sandstone are
(«’Z?}”a\'ﬂq 2 IR [ & iy o> N\ ‘ weathered to a maximum of 50 feet.

‘467/ ‘ ig\ j’ LR A LT / o REMARKS: Crystalline limestone has no known caves, but they may exist. Sandstone has no natural caves, but
' ) - 5 . - 7‘* \

",{" Q small prospect pits are scattered through mountains.
ety Rock description: Chiefly schist; folded and fractured; includes thin limestone, sandstone and chert beds and o B
' some porphyry dikes. (Eng. units 10 and 11). ‘
Drainage: Fresh rock drains well; deep excavations may encounter water table. Weathered rock drains poorly.
Accessibility: Poorly accessible in central third of island; with great difficulty in northern third of island.
| | CONSTRUCTION OF TUNNEL INSTALLATIONS

: Tunneling problems: Tunnels driven with difficulty; require drilling and blasting. Support needed in many weak

N
fractured zones, and for large chambers.
/”/E< Protective cover: Thickness of 50 or more feet obtainable within most of unit.
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Entries: Numerous tunnel entries can be developed in steep slopes in highly dissected terrain.
CONSTRUCTION OF CUT- AND BACK-FILL INSTALLATIONS
Ease of excavations: Difficult in fresh rock; drilling and blasting required. Easy with power equipment in weath-
/ ered rock; difficult by hand. Cuts stand well; slides may be expected where bedding dips into excavation.
; ' Depth of material easily excavated: Controlled by depth and degree of weathering. Maximum of 30 feet where
\ ‘ deeply weathered, but mostly limited to thin surficial soils.
\ REMARKS: Caves possible in limestone layers; none are known. Small prospect pits are scattered through mountains.

\ Rock description: Unconsolidated clay, sand, and gravel. (Eng. units 1 and 2).
‘ ? Drainage: Sand and gravel drain well; clay drains poorly. Excavations flood easily because of high water table.
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. Accessibility: All areas in southern third easily accessible by existing roads; areas in northern two-thirds are
=i accessible by narrow coastal roads. e

© | CONSTRUCTION OF TUNNEL INSTALLATIONS
E Tunneling problems: Unsuitable for tunneling because of high water table and low strength of walls.
‘ ! E Protective cover: Essentially none.

Entries: Tunnel entries impossible; shafts required.
CONSTRUCTION OF CUT- AND BACK-FILL INSTALLATIONS \
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% / ‘ § ‘ Ease of excavations: Excavated easily with hand tools; rapidly with power equipment. Excavations require
‘ shoring of walls to prevent caving.

\ A\ E\/\;/_fw h Depth of material easily excavated: Depth of excavation limited by water table; occurs at depths of 2 to 10 feet

REMARKS: No natural caves. Locally constitutes thin cover over other rock types. Very poor for large-scale —{ 288
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